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ANALTSTS OF THE AERODYNAMIC CMARACTERISTICS OF DEVICES
FQO INCREASING WINGQ LIFT. III. INFLUENCE OF

GROUND PRQXIMITY ON THE AERODYNAMICUCHARACTERISTICS OF
THE FLAPS

Rafael Garncarek

As the wing approaches the ground, changes occur in /21*

the flow-around itsa profile. An increase in the above-gage,

atmospheric pressure occurs- on the lower surface of the wing

as a result of the ground effect. On its upper Surface, the

below-gage atmospheric pressure increases near the leading

edge and drops somewhat near the trailing edge. The net

result is an increase in the aerodynamic lift for a given

angle of attack and a decrease in the angle of attack cor-

responding to zero aerodynamic lift. The change in the

pressure distribution on the upper surface of the wing causes,

in agreement with boundary layer theory, a decrease in the /22
critical angle of attack acr at which flow separation occurs.
Hence the value Cz m a  decreases. The proximity of the ground

decreases the deflection angle behind the wing and thus also
the drag induced by a wing of finite span.

In the case of a low.tail pl&ne, the effect of the ground
may unfavorably decrease,"through a decrease of the deflection
angle of the flow behind the wing and the ground effect, the
downward force which is needed to maintain the airplane in
equilibrium at large angles of attack. In the case of an

airplane which attains on the ground angles of attack that are
close to the stalling angle, the effect of ground proximity

will reduce the takeoff and landing speed, increasing Cz for

the given angle of attack.

Figures 22-25 show the effect. ofp ground proximity on C
Ci- ' and ddQS max" nd . .. ....

*Numbers in the margin indicate pagination in the foreign text.
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Fig. 22. Effect of ground proximity on moment ratio of the

Cmax inclined wing. As
a Wing span A = 10(Cf/C ) = 0.3 was to be expected,

Technical Note NACA 4w15
two-slotted flap 0.5c + slat the changes in the
0.214c Re = 0.45-10 pressure distribution

b) NACA 23015 profile, A = 4.55
double flap (0.40/0.256)coon along the chord cause
entire span + slat 0.184c; rec-a drop in the in-
angular airfoil, Re = 0.72-10
In accordance with Report No. crease in the pitching
14/TA/66, "Study of the effect of moment from the flaps
ground proximity on the aerodynamic
characteristic.of airfoil with 40% as the wing approaches
two-slotted flap and slat. the ground.

c) Flap and aileron flap Q.28c
flap 0..457b, aileron flap 0..368b,
rectangular airfoil together with Figures 22-26
fuselage A F .7,95, Re 0.55-10
In accordance with 'Report No, 21/ can be used to esti-
TA/{66, "Stud4es! of ground effect mate the aerodynamic
on the aerodynamic characteristics
of the model PZL-lQ4. Xlga airplane, characteristics of

an aircraft, taking
Key to Fig. 22 on following page,

into account the
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Key to. Fg. 22;.

I, Wi.thout. flaps
2, Tapered wing
3. Rectangular wing
4. Split. flap
5. Slotted flap
6. Airfoil section without flaps
7. Flaps
8. Flaps + slat
9. Smooth NACA ... airfoil section

10. Displaced flaps
11. Flap displaced .".., aileron flap'...
12. Over entire span

1

effect of ground proximity.

S i , .i ",The effect of the ground

proximity on the downwash

- -,behind a wing with a dis-

S-3-- placed flap can be

1 -'c , >/ described by the following

S i, I approximate formula:
O 2r _______-- I- ----- -

!- ! ,I I K, . ..,.

0 o 2 .03 04 0 o ,/o

t, tapered wing Ct/Cr = 0.2 where
rectangular wing

-..- tapered wing Ct/Cr = 0.2 2Cz
----- rectangular wing A .K 1 K 2 is the downwash

behind a wing with a
Fig. 23. Effect of ground proximity
on drag induced by wing. retracted flap;

Key: 1. Cxind VSa ground effect A-- k is the increment

2: Slotted flap in the downwash due to

3. Split flap flap displacement; ACzk
is the increment in the

lift .coefficient due to flap displacement;. Ak is the aspect

ratio for the flap span part of the wing;z k js the distance

from the trailing edge of the flaps to the ground; and b is

the wingspan
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S \ i The formula is

!1 valid, for Zk < b.3? :o .;<koTl,/,o , d , < ,, Cl/ O?
-2--
hla7pa 'Zc'el t nom I f :40., CI = 025

Conclusions

As a result of

S. - __ _ the above discussion,

f 02 -3 the following con-

S-~3 ic- lusions can be made.

S, i. The increment

in the magnitude of

Fig. 24. Effect of ground proximity the maximum lift coef-
on ao" ficient ACzmax for a

Key: 1. Split flap given type of flap
2. Slotted flap with a particular
3. Without flaps
4. Tapered wing geometry is mainly
5. Rectangular wing determined by the

1 thickness of the

airfoil section. The

I ~i \effect of the thickness

2 . of the airfoil section
is greatest for split

flaps and smallest

. for single-slotted flaps.

2. In the range

of airfoil section

thicknesses from 14%
Fig. 25. Effect or ground proximity
on the slope of the CQ fC curve, and above, instead of

the much more compli-
Key: 1, Vs ground effect

2 The effect of ground proximity, cated double. flaps,,
is- not taken into account.:for tlhe much simpler:,two-
dtisplacedd flaps

3. Without. flaps slotted flaps can be
used.
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. /:. , \ 3. In the range

,. of airfoil section

, .thicknesses from 8%

S\- to 12%, in view of

- .. the difficulty of

Si placing a slat with

- -i i f the appropriate

Sf _jgeometry in a thin

2 airfoil section, the
kloarj h'chlnio 30°

--- 40o 2 two-slotted flap is-50* slot
no longer effective,

and depending on the
Fig. 26. Change in the ACm/AC7 ratio
due to a displacement of a two ' required value of
slotted 0.5c flap as a result of the AC either a
effect of ground proximity at a con- zmax
stant angle of attack a = 6Cz=00 + 6 . single-slotted or

double flap should be
Key: 1. Flap displacement

2. Slat used.

4. In the case when we desire a small increment in the

aerodynamic lift' with a minimum increase in the drag (for

small displacements), the best solution is to use a straight

flap with a chord on the order of 0.2-0.3 of the wing chord.

The efficiency of a straight flap decreases very little when /29

flow which equalizes the pressure on the lower and upper

surfacessof the wing can pass through the slot between the

flap and the torque box of the wing.

5. When the aerodynamic characteristic of an aircraft

with displaced flapa is estimated, the assumption can be made

-- without making a large error -- that the increment ACzmax

is independent of the Reynolds number.

6. The increment in the profile drag resulting from a

small dis-placement of a slotted flap Con the order of 20.)
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with a basic laminar airfoil .section and sufficiently large

angle of attack Cabove the range of angles corresponding to

the characterstic dip in the polar curve of the airfoil in

the direction of small drags) is negligibly small.

7. When the aircraft equilibrium during takeoff and

landing is calculated, as well as the takeoff and touch 4 down

speed and the length of the takeoff run and landing run, one

should use the aerodynamic characteristic of the aircraft

which takes into account the effect of ground proximity.

The proximity of the ground changes the pitching moment,

the aerodynamic lift, the drag induced by the wing, and the

tailplane. This effect is particularly pronounced in low-

wing monoplanes and in aircraft with a low tailplane.
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